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Extreme events appear in many physics phenomena, whenever the probability distribution has a
‘heavy tail’, differing very much from the equilibrium one. Most unusual are the cases of power-
law (Pareto) probability distributions. Among their many manifestations in physics, from ‘rogue
waves’ in the ocean to Le´vy flights in random walks, Pareto dependences can follow very different
power laws. For some outstanding cases the power exponents are less than 2, leading to indefi-
nite mean values, let alone higher moments. Here we present the first evidence of indefinite-mean
Pareto distribution of photon numbers at the output of nonlinear effects pumped by parametrically
amplified vacuum noise, known as bright squeezed vacuum (BSV). We observe a Pareto distribu-
tion with power exponent 1.31 when BSV is used as a pump for supercontinuum generation, and
other heavy-tailed distributions (however with definite moments) when it pumps optical harmonics
generation. Unlike in other fields, we can flexibly control the Pareto exponent by changing the exper-
imental parameters. This extremely fluctuating light is interesting for ghost imaging and quantum
thermodynamics as a resource to produce more efficiently non-equilibrium states by single-photon
subtraction, the latter we demonstrate experimentally.
‘Common sense’ or, rather, the central limit theorem
tells us that the probability distributions of random phys-
ical values tend to be Gaussian. The more surprising
are deviations from this tendency, from the behaviour of
wave height in the ocean to the statistics of solar flares.
Examples are ‘rogue waves’ in the ocean [1] and their
analogues in nonlinear optics [2, 3], Le´vy flights [4, 5],
and other numerous examples in astrophysics [6], geo-
physics [7], condensed matter physics [8, 9], etc [10].
Following oceanology, the term ‘rogue waves’ denotes
events whose magnitude considerably exceeds the ones
expected from Gaussian statistics [11]. A distribution
with a high probability of such events is said to have a
‘heavy tail’ [12].
An example of extreme heavy-tailed distribution is the
Pareto one, typically describing the statistics of income
and wealth [13] and scaling as the power law with an
exponent 1 + k: P (x) ∝ x−(1+k). For any k, certain sta-
tistical moments of this distribution do not converge. At
k < 1, even the mean value diverges. A power-law distri-
bution can appear due to the exponential amplification
of an initially broad distribution [14]. As we show be-
low, a similar phenomenon occurs when the exponential
rate of frequency conversion is governed by the amplified
vacuum noise.
Vacuum noise, also called zero-point vacuum fluctu-
ations, originates from the non-commutativity of pho-
ton creation and annihilation operators [15]. It causes
spontaneous transitions in atoms as well as spontaneous
parametric down-conversion (PDC) and four-wave mix-
ing (FWM). In other words, PDC and FWM ‘visualize’
the vacuum noise by parametrically amplifying it. Be-
cause parametric amplification is accompanied by squeez-
ing, the quantum state of light produced through PDC
and FWM is called squeezed vacuum. This state man-
ifests quadrature and photon-number squeezing [16–18],
but in the context of this work, its most important fea-
ture is superbunching [19, 20], i.e., photon-number fluc-
tuations stronger than the ones of thermal light [21].
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FIG. 1. Bright squeezed vacuum we use in experiment: a, the
spectrum under pumping at 800 nm. b, exponential depen-
dence of the output energy per pulse on the input one in the
linear and log-linear scales (inset). The red line is the fit ac-
cording to the corresponding hyperbolic dependence [17]. c,
the probability distribution of the photon number per pulse,
experimental (red points) and theoretical (Eq. (1), solid black
line) compared to the thermal (dashed black line) and Pois-
sonian (blue line) distributions with the same mean value.
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2Through PDC from strong picosecond pulses (see the
Supplementary Information and Ref. [22]), we produce
squeezed vacuum that is bright enough to pump nonlin-
ear effects such as the generation of optical harmonics
or supercontinuum. The spectral width of the resulting
BSV exceeds 35 THz for pumping at 800 nm (Fig. 1a).
Within this band, the vacuum noise is exponentially am-
plified to a brightness of N = sinh2(G) photons per
mode, where the parametric gain G scales with the pump
laser field amplitude. Figure 1b shows this exponential
amplification, with G reaching 15.3 ± 0.5. As a result,
even after a narrowband filtering the mean photon num-
ber per pulse is still large. Around this mean, the photon
number has a very broad distribution (Fig. 1c), whose
envelope is given by [23, 24]
PB(NB) =
1√
2pi〈NB〉NB
e
− NB
2〈NB〉 . (1)
It is broader than not only a Poissonian distribution (blue
solid line), typical for a shot noise limited laser, but also
a negative-exponential one (dashed black line), typical
for light with thermal statistics.
We further use BSV to pump optical harmonic gener-
ation (Fig. 2a). Panels b,c display the probability distri-
butions for the pulses of second harmonic (SH) and third
harmonic (TH). The log-log scale stresses that within a
certain range, the scaling is close to a power law. How-
ever, at large photon numbers the decay becomes faster
and, as a result, all moments of this distribution exist.
The bottom-left insets show the same distribution in log-
linear scale, demonstrating a strong deviation from the
thermal-light distribution (dashed line).
This behavior can be explained by the fact that the
number of photons Nnω in the nth harmonic is a power
function of the number Nω of photons in the fundamental
radiation,
Nnω = KN
n
ω , (2)
where K depends on the conversion efficiency. The prob-
ability distribution Pnω(Nnω) for the harmonic radiation
can be obtained from the one for the fundamental radia-
tion Pω(Nω) as Pnω(Nnω)dNnω = Pω(Nω)dNω:
Pnω(Nnω) =
Pω
(
n
√
Nnω/K
)
n n
√
KN
1−1/n
nω
. (3)
Taking the photon-number distribution for BSV in the
form (1), for its nth harmonic we get
Pnω(Nnω) =
2n
√
(2n− 1)!!
n
√
2pi 2n
√〈Nnω〉N1−1/2nnω e−
1
2
n
√
(2n−1)!! Nnω〈Nnω〉 . (4)
This is a heavy-tailed generalized Gamma distribution
but all its moments are still finite. Eqs. (4) for n = 2, 3
are plotted in Fig. 2b,c as solid black lines, after a con-
volution with the detector noise probability distribution
(see Supplementary Information).
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FIG. 2. Optical harmonics generated from squeezed vacuum.
a, the experimental setup: after the BBO crystal, the pump
is cut off by a dichroic mirror (DM) and BSV is filtered spa-
tially by a slit and spectrally by a 4f system; its statistics are
analyzed by an infrared photodetector (IR PD); optical har-
monics are generated in a lithium niobate crystal (LiNbO3),
filtered with a short-pass filter (SP) and measured using a vis-
ible photodetector (PD). b,c, experimental (red points) and
theoretical (black lines) probability distributions of photon
number per pulse for SH (b) and TH (c). Bottom-left insets:
the same distributions in log-linear scale highlight strong de-
viations from the thermal light distribution (dashed line) with
the same mean. Top-right insets: typical time traces showing
pulses with ‘extreme’ heights, normalized to the mean value.
The top-right insets of Fig. 2b,c show the time traces
of photon numbers per pulse normalized to their mean
values. We see ‘extreme events’: a SH pulse and a TH
pulse exceeding their mean values more than 200 and 650
times, respectively. Using the analogy of ‘rogue waves’
in the ocean, this would correspond to a wave of about
a kilometer height. This extremely ‘heavy-tailed’ be-
haviour is because the number of photons in an opti-
cal harmonic pulse scales as the power function of the
pump number of photons, which in our case already has
a very broad distribution. In the case of supercontinuum
generation, this tendency is even stronger because the
dependence on the pump is exponential.
To obtain supercontinuum, we use BSV centered at
800 nm. The initially 80-nm broad spectrum of BSV
is filtered to 10 nm before launching it into the stan-
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FIG. 3. Supercontinuum pumped by squeezed vacuum. a, the experimental setup: after BSV is generated in a BBO crystal,
the pump is cut off by a dichroic mirror (DM) and BSV is filtered by a bandpass filter (BP) and coupled into a single-mode
fibre (SMF); further, the supercontinuum is analyzed either by a CCD camera after a spectrometer or by a photodetector (PD)
after a monochromator. b, the resulting average spectrum under pumping with 0.2 nJ pulses (grey) and 40 nJ pulses (pink).
c, the probability distribution of photon number per pulse (points), for supercontinuum pumped with 48 nJ pulses, and its fit
with a Pareto distribution with k = 0.49 (solid line). The inset shows a time trace for pulse height normalized to the mean.
The effect of the brightness and bandwidth of BSV on the Pareto index k of the supercontinuum: d, calculated photon-number
distribution for single-mode BSV with κ〈NB〉 = 0.5 (black) and 2.5 (red). The distribution for κ〈NB〉 = 2.5 and M = 5 modes
(blue) has nearly the same scaling as the one for κ〈NB〉 = 0.5 and M = 1 (black). e, photon-number distributions for the
supercontinuum pumped by 30 nJ pulses of BSV with bandwidth ∆λB = 10 nm (red points) and ∆λB = 3 nm (black points),
and their Pareto fits (blue lines).
dard single-mode fused silica fibre, where supercontin-
uum is generated (Fig. 3a). The spectrum after the fibre
(Fig. 3b) is almost unchanged (grey contour) if BSV is
weak (energy per pulse 0.2 nJ), but it is considerably
broadened (pink contour) if the input energy per pulse is
40 nJ.
The experimentally obtained probability distribution
of photon number per pulse at wavelength 770 nm under
pumping with 48 nJ pulses is displayed in Fig. 3c (red
points). It has a Pareto scaling with k = 0.49 ± 0.02,
found from the fit of complementary cumulative distribu-
tion function (CCDF) for more accurate determination,
see Supplementary Information for details.
This shape of the probability distribution can be well
explained assuming that the ‘blue’ side of the super-
continuum is free of Raman processes and is generated
through high-gain FWM. The number of photons in the
supercontinuum is then an exponential function of the
BSV photon number NB : NSC = sinh
2(κNB), with κ
characterizing the interaction strength. Similar to the
harmonics case, from the BSV photon-number distribu-
tion PB(NB) we obtain the supercontinuum one:
PSC(N) =
e
− arcsinh
√
N
2κ〈NB〉√
8piκ〈NB〉N(1 +N)arcsinh
√
N
, (5)
where 〈NB〉 is the BSV mean photon number.
For large N , Eq. (5) has asymptotic scaling typical for
the Pareto distribution [12],
P (N) ∝ 1
N1+k
, (6)
with the Pareto index k ∝ M(κ〈NB〉)−1 (see the Sup-
plementary Information), where M is the number of
modes in BSV. The Pareto index tends to zero for bright
(〈NB〉  1) squeezed vacuum but increases as the num-
ber of modes M grows, see Fig. 3d.
To test that the Pareto index k depends on both the
mean photon number and the number of modes (band-
width) of BSV, we measure the probability distributions
for the supercontinuum with the BSV energy per pulse
reduced to 30 nJ. The results are shown in Fig. 3e.
For bandwidths 10 and 3 nm, the CCDF analysis gives
k = 0.64 ± 0.02 and k = 0.31 ± 0.02, respectively [25].
Thus, the variation of BSV power and bandwidth are
versatile instruments to control the index of the Pareto
distribution for supercontinuum.
The power-law probability distributions shown in
Fig. 3c,e have very unusual features. With k < 1, the
mean number of photons per pulse is not defined and
depends on the time of observation; it makes our dis-
tribution much different from the ones reported by the
4others [26–28]. This fractal-like behavior is typical for
Pareto distributions where the mean values do not con-
verge [29]. Similar to the ‘coastline paradox’ [30], where
the coastline appears the longer, the better one measures,
the mean photon number per pulse will be the higher,
the more data are used to determine it, 〈N〉 ∝ s1/k−1 ,
where s is the dataset size [14]. In a real experiment the
distribution gets always truncated through some physical
mechanisms. In our case, this occurs for photon numbers
per pulse above 106 due to the detector saturation.
The power-law behaviour is only present on the su-
percontinuum spectra and gets suppressed in the mid-
dle (Fig. 4a,c). As the pulse energy increases, the spec-
trum broadens and the fluctuations get stronger but
they also move further from the initial central wave-
length. The reason is that at central frequencies, the
supercontinuum is so bright that it itself generates new
sidebands through FWM. But because FWM is equiv-
alent to two-photon loss, it leads to the depletion of
intensity fluctuations [31]. The same tendency is visi-
ble in the second-order normalized correlation function
g(2)(λ, λ′) = 〈N(λ)N(λ′)〉/ [〈N(λ)〉〈N(λ′)〉] (Fig. 4b,d),
where N(λ) is the photon number at wavelength λ and
angle brackets denote statistical averaging. The value
on the main diagonal has the meaning of the bunching
parameter g(2) = 〈: N2 :〉/〈N〉2, where the normal order-
ing can be omitted due to large N . In the right-bottom
panel, we see g(2) values as high as 170, which consid-
erably exceeds the strongest superbunching reported to
date [22, 32]. Similarly to the mean, the measured value
depends on the time of observation and is just the lower
boundary of g(2).
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FIG. 4. Single-pulse spectra of supercontinuum for the input
BSV energy per pulse 24 nJ (a) and 40 nJ (c) and the corre-
sponding distributions of the normalized second-order corre-
lation function (b and d, respectively).
Superbunching has interesting consequences for pho-
ton subtraction experiments [33], used for example to test
Maxwell’s demon in quantum thermodynamics [34]. In a
photon subtraction experiment, a quantum state of light
|ψ〉 is fed to a beamsplitter, after which a single-photon
detector can register a reflected photon. Provided that
the detector registers a single photon, the state of light
after the beamsplitter is photon-subtracted, |ψ′〉 ∝ aˆ|ψ〉,
where aˆ is the photon annihilation operator. Counter-
intuitively, the photon-subtracted state has the mean
photon number increased by a factor g(2) compared to
the initial state [35, 36]. This energy enhancement ad-
mits an interpretation similar to Maxwell’s demon exper-
iment [34].
Our photon subtraction setup is shown in Fig. 5a. Af-
ter the spectral filtering of the supercontinuum down to
a 1 nm bandwidth at wavelength 780 nm, the output of
the monochromator is attenuated with a neutral density
filter in order to obtain on average much less than one
photon (〈Nψ〉  1) before the beamsplitter. The mean
number of photons 〈Nψ′〉 after the beamsplitter is mea-
sured with an avalanche photodiode (an N -meter) under
the condition that a single photon is detected in the re-
flected arm by another avalanche photodiode (APD). As
a result of photon subtraction, the mean photon num-
ber is increased up to 140 times (Fig. 5b), depending
on the bandwidth and the energy per pulse of the BSV
pumping the supercontinuum generation. This drastic
increase in the mean photon number shows that the su-
percontinuum can be brought out of equilibrium by the
subtraction process much more efficiently than thermal
or BSV light. As a result, much more work could be,
in principle, extracted, which makes the supercontinuum
a useful resource for proof-of-principle tests of quantum
thermodynamics [36].
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FIG. 5. Photon subtraction from supercontinuum. a, the ex-
perimental setup: BSV is filtered from the pump by a band-
pass filter (BP) and sent to the fibre. At the output, the su-
percontinuum is filtered by a monochromator, attenuated by a
neutral-density filter (ND) and sent to a beamsplitter. Only
if the avalanche photodiode (APD) registers a photon, the
number of photons is measured at the output (N-meter). b,
the increase of the output mean photon number 〈Nψ′〉/〈Nψ〉
after the subtraction of a single photon (|ψ′〉 ∝ aˆ|ψ〉), as a
function of the mean energy per pulse of the input BSV for
10 nm (blue) and 3 nm (red) bandwidth.
This radiation with strong fluctuations in the photon
5number can be also useful in ghost imaging [37, 38] where
the contrast of the image is given by the bunching pa-
rameter g(2) [39, 40]. In particular, recently time-domain
ghost imaging has been demonstrated with incoherent
supercontinuum, although without high photon-number
fluctuations [41]. The use of supercontinuum with Pareto
photon distribution will drastically increase the contrast.
In conclusion, we have demonstrated heavy-tailed dis-
tributions of photon numbers for nonlinear effects gener-
ated from BSV. In particular, supercontinuum generation
leads to an extremal Pareto photon-number distribution
with indefinite first and higher moments. The mechanism
behind this phenomenon is the exponential dependence of
the frequency conversion efficiency on the photon num-
ber of the pump, which has already a very broad dis-
tribution. Depending on the mean photon number and
bandwidth of BSV, we obtain the Pareto index equal to
0.31, 0.49, and 0.64. All these values lead to a photon-
number (pulse-energy) probability distributions with di-
verging mean value, which has been never observed be-
fore. The bunching parameter we observe in this case is
as high as 170 and far exceeds the ones reported earlier
in the literature. The subtraction of a single photon from
the supercontinuum increases the mean number of pho-
tons by more than two orders of magnitude, which can
be further exploited to extract large amount of thermo-
dynamical work.
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SUPPLEMENTARY INFORMATION TO
“INDEFINITE-MEAN PARETO PHOTON
DISTRIBUTION FROM AMPLIFIED QUANTUM
NOISE”
Experimental details for the generation of BSV,
optical harmonics, and supercontinuum
Generation of BSV. For the experiments with optical
harmonics, BSV is generated in a 10 mm beta barium
borate (BBO) crystal through type-I collinear frequency-
degenerate PDC [43] pumped by 1.6 ps pulses of regen-
eratively amplified Ti-sapphire laser at 800 nm with a 5
kHz repetition rate and energy per pulse up to 0.5 mJ
(Fig. 2a). To reduce the effect of spatial walk-off [44], the
pump beam is focused into the crystal with a cylindrical
lens. The resulting BSV spectrum is centered at 1600
nm (Fig. 1a). For the supercontinuum generation, BSV
at 800 nm is used, generated through type-I collinear
degenerate PDC in two 3 mm BBO crystals [45] from
the frequency doubled radiation of the same laser (wave-
length 400 nm, energy per pulse up to 0.2 mJ). After cut-
ting off the pump with a dichroic mirror, BSV is filtered
spatially and spectrally: with a slit and 4f monochroma-
tor down to a single mode (Fig. 2a) or with a bandpass
filter (Fig. 3a) to a few-mode case, respectively. In the
latter case the fibre itself provides single-mode spatial
filtering.
Generation of optical harmonics. Second harmonic
(SH) and third harmonic (TH) are generated by tightly
focusing BSV on the surface of a 1 mm slab of lithium
niobate crystal, with the z crystal axis in the plane of the
slab and the BSV polarized along z. Under this condi-
tion, the largest components of second and third nonlin-
ear susceptibilities are used, providing a high efficiency
even though phase matching is not satisfied [22, 46]
(Fig. 2a). The photon number distribution of BSV is
measured by a charge-integrating detector based on an
infrared p-i-n diode, providing a linear response up to 106
photons per pulse and noise equivalent to 1600 photons
per pulse. The photon number distribution for the har-
monics is measured with a similar visible detector, with
the noise equivalent to 270 photons per pulse [17]. After
cutting off BSV with a short-pass filter, each harmonic
is additionally filtered with bandpass filters at 800 nm
(SH) or 532 nm (TH) to block the other one.
Supercontinuum is generated in a 5 m single-mode
fused silica fibre and further, to achieve single-mode de-
tection, spectrally filtered with a monochromator whose
resolution is 1 nm (Fig. 3a). The photon-number prob-
ability distribution is measured by a visible charge-
integrating detector (the same as in the case of opti-
cal harmonics). The single-pulse spectra (Fig. 4a,c) are
recorded by a CCD camera at the output of a spec-
trometer and further processed to measure the second-
order normalized correlation function g(2)(λ, λ′) shown
in Fig. 4b,d.
Taking detection noise into account. The dark noise of
charge-integrating photodetectors is well described by a
Gaussian distribution with zero mean,
P (N) =
1
σ
√
2pi
e−
N2
2σ2 , (7)
with the standard deviation σ. Because this noise is in-
dependent from the fluctuations of the detected light, it
just adds to the photon-number noise.
The total probability distribution is given by the con-
volution of the photon-number and dark noise proba-
bility distributions. The convolution of Eq. (7) with
Eq. (4), with no fitting parameters, perfectly coincides
with the experimental histograms for the generated har-
monics (Fig. 2b,c).
2Analysis of the complementary cumulative
distribution functions
The tails of probability distribution functions (PDFs)
are usually analyzed through their complementary cumu-
lative distribution functions (CCDFs) [47],
C¯(N) =
∫ ∞
N
P (N ′)dN ′, (8)
whose analysis is possible even if the moments diverge.
The tail index of a PDF is defined as
α = lim
N→∞
H(N)
N
, (9)
where H(N) = − log C¯(N) is called the hazard function.
If α = const, the distribution decays exponentially. For
diverging α the tail decays faster than exponential, for
α = 0 slower. The latter means a heavy-tailed distribu-
tion [12].
For the nth optical harmonic of BSV, with the PDF
given by (4), the CCDF is
C¯nω(Nnω) = Erfc
 2n
√
(2n− 1)!! Nnω〈Nnω〉√
2
 , (10)
where Erfc(x) is the complementary error function.
CCDFs for SH and TH, together with the experimental
data, are presented in Fig. S1a. From these dependences
and the corresponding H(N)/N dependences (Fig. S2),
one can see that α tends fast to zero, therefore the dis-
tributions are heavy-tailed.
In the case of supercontinuum generated from BSV,
the PDF is given by (5), and the corresponding CCDF
is
C¯SC(N) = Erfc
√arcsinh√N
2κ〈NB〉
 . (11)
Similarly to the case of harmonics, α tends to zero,
the distribution is heavy-tailed. However, it exhibits a
faster tendency to zero than for any harmonic (Fig. S2).
The CCDF (11) is of the form N−kL(N), where k is
the tail exponent and L(N) is a slowly varying func-
tion (i.e. limN→∞ L(tN)/L(N) = 1, for any t > 1 [12]).
Therefore distribution (5) belongs to regularly varying
distributions with a finite tail exponent. It is tail equiv-
alent to the Pareto distribution with the same k. The
tail exponent tends to (4κ〈NB〉)−1. For a sufficiently
strong pump, k goes below unity and then, all moments
are indefinite. It makes (5) very different from the other
heavy-tailed distributions.
The tail exponents linearly increase with the number
of modes. Indeed, BSV with M modes has
PB,M (NB) =
N
M/2−1
B
Γ (M/2)
(
M
2〈NB〉
)M/2
e
− MNB
2〈NB〉 , (12)
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FIG. S1. (a) CCDFs for the data on optical harmonics from
Fig. 2b,c: 2ω (black points) and 3ω (red points). The cor-
responding theoretical distributions [(10) for n = 2, 3] are
shown by gray and pink lines respectively. 〈Nnω〉 are taken
from the experimental data. (b) CCDF for the data on the
supercontinuum from Fig. 3c (red points), its fit (blue line)
with Eq. (6) leading to ke = 0.49, and Eq. (6) with k = 0.53
(black line) obtained from the maximum likelihood estima-
tor [10, 14].
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FIG. S2. Experimental (points) and theoretical (lines)
H(N)/N for second (black) and third (red) harmonics from
Fig. 2b,c and supercontinuum (blue) from Fig. 3c. For the
latter, the theoretical values are calculated from a fit with
the Pareto distribution (Fig. S1b).
where Γ(x) is the gamma function. The corresponding
CCDF for supercontinuum is
C¯SC,M (N) =
Γ
(
M
2 ,
arcsinh
√
N
2κ〈NB〉/M
)
Γ (M/2)
, (13)
where Γ(s, x) is the upper incomplete Gamma function.
3The latter leads to
k =
M
4κ〈NB〉 . (14)
Remarkably, the distribution (12) for M = 2 becomes
exactly the exponential one. As a result, Eq. (14) imme-
diately tells us that with a BSV pump, k < 1 is achieved
with twice lower mean photon number than with a ther-
mal pump.
Experimental tail exponents ke are derived from the
fits of the linear part of CCDFs in the log-log scale. The
error of the fit ∆ke = 0.02 is mainly caused by impre-
cise estimation of the starting and ending points of this
range. The other method, based on the calculation of
the maximum likelihood estimator [10, 14], provides sim-
ilar exponents in our case. An example of CCDF with
both fits and the resulting exponents are presented in
Supplementary Figure S1 and Table S1.
P , ∆λB ke kt 〈N〉, photons/pulse
Fig. 3c 48 nJ, 10 nm 0.49 0.31 1.18× 104
Fig. 3e 30 nJ, 10 nm 0.64 0.5 6.5× 103
30 nJ, 3 nm 0.31 0.2 5.6× 103
TABLE S1. Characteristics of the supercontinuum photon-
number distributions from Figs. 3c,e. P and ∆λB are BSV
energy per pulse and bandwidth, respectively; ke and kt are
experimental and theoretical tail exponents. Despite k being
less than 1, the mean number of photons 〈N〉 exists for the
measured distributions due to truncation.
The theoretical exponents kt, estimated from Eq. (14),
are somewhat smaller than the experimental ones. We
get the mean gain value (κ〈NB〉 = 4± 0.5 and 2.5± 0.5
for P = 48 and 30 nJ, respectively) from the nonlinear
dependence, similar to the one for BSV (Fig. 1b). The
number M of modes (M = 5±1 and 2±0.2 for ∆λB = 10
and 3 nm, respectively) is obtained from the g(2) value
[20] for extremely weak BSV (P = 3 pJ) after the fi-
bre. The uncertainties in both measurements result in
the relative error δkt = 25%.
